fact, the importance of fishes and decapods in mediating carbon export has been 23 recently highlighted by several studies (Hidaka et al., 2001; Davison et al., 2013;  24 Schukat et al., 2013; Hudson et al., 2014; Ariza et al., 2015) . Therefore, using acoustic 25 observations for monitoring their distribution and migrations may be a powerful tool 26 for the ocean carbon pump assessment.
27
The present study focus on micronekton from mesopelagic waters nearby the Ca- and olygotrophic gyre characteristics (Barton et al., 1998; Davenport et al., 2002;  A C C E P T E D M A N U S C R I P T
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between both frequencies (18 kHz minus 38 kHz). In order to calculate approximate 87 vertical migration velocities, we manually marked sets of points over different migra-
88
tory traces observed at 18 and 38 kHz. The velocities were extracted by averaging 89 the slopes along the curves fitted to these points. All acoustic data were processed 90 using customized applications in Matlab software.
91

Biological sampling 92
Micronekton was captured using a pelagic trawl with a 300 m 2 mouth area and system, deploying and lifting were conducted without towing to reduce the by-catch 99 from non-desired strata. The towing speed was maintained near 3 knots, with ef-100 fective fishing times of one hour and approximate distances of three nautical miles.
101
Samples were frozen on board at -20 • C. Once in the laboratory, they were fixed in
102
4% buffered formalin and later transferred to 70% ethanol for species identification, enumeration, weighing and length measurements. Catch results were not standard-
104
ized by water volume filtered since the effective mouth size was uncertain due to the 105 decreasing meshes along the trawl. Abundance data was instead shown as "indi-106 viduals per haul", without the need of standardization since the differences in both 107 fishing times and distances among hauls were below 5%. Non-migrant species were 108 excluded from abundances and biomass of the nocturnal epipelagic hauls (Table 1) .
109
For this, we checked the diel vertical distribution of micronekton species consulting 110 the existing literature in the region (Clarke, 1969; Badcock, 1970; Foxton, 1970a,b;  111 Badcock and Merrett, 1976; Roe and Badcock, 1984; Roe, 1984a; Clarke and Lu, 112 1995). We also excluded other non-migrant species that were detected in shallow 113 waters during hauling tests performed at daytime.
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114
The naming convention for hauls was, a first letter depicting whether the tow was 115 conducted during the day (D) or during the night (N), followed by a 3-digit number
116
indicating the averaged depth, and finally a letter indicating if the location was La later adapted for prolate spheroids by Weston (1967) , and applied as in Kloser et al.
(2002).
159 TS = 10 log 10 (σ bs ) (1)
TS is the target strength of the swimbladder. σ bs is the acoustic backscatter- most mesopelagic fish species found in this study (Kleckner and Gibbs, 1972; Brooks, 170 1977) . Resonance was modeled for ESRs ranging from 0.3 to 1.8 mm.
171
The frequency response of echograms at 18 and 38 kHz, the species composition, 172 their acoustic properties, and their theoretical resonance along depth was used to 173 investigate the species most likely causing scattering in the region.
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Results
Hydrography
hydrographical features (Figures 1 and 2 
213
Fishes were the prevailing group captured within the nocturnal SSL (Table 1) ,
214
contributing more than 70% in both abundance (%A) and biomass ( %B). Myctophi-
215
dae was the dominant fish family (54%A and 52%B), followed by Phosichthyidae and also several decapods species from the family Sergestidae. 
Dominant targets and their acoustic properties 244
Despite the high diversity, each scattering region was numerically dominated by 245 a few species for which we collected information about their swimbladder, if present 246 (Table 2 ). According to catch data, most of the organisms in the DSL1 were fishes 247 near 30 mm in length, bearing gas-filled swimbladders with ESR from 0.6 to 1.2 248 mm. In the DSL2, the catches were dominated either by fishes or decapods with resonate at 18 kHz when inhabiting waters between 400-500 m depth (see Figure 6a ).
294
In our study the DSL1 was mainly inhabited by gas-filled swimbladdered animals, 295 the lightfishes Vinciguerria spp. being the most likely targets producing resonance 296 at 18 kHz (ESR= 1.2 mm, Table 2 ). According to the same model, L. dofleini might 297 be causing swimbladder resonance at similar depths but at 38 kHz (ESR=0.6 mm, (Marshall, 1960; Kleckner and Gibbs, 1972; Badcock and Merrett, 1977) .
315
Here, the swimbladder condition was determined for individuals of 23 mm (modal 316 length), not being clear whether gas was displaced by fat at this stage or later (see 317   Table 2 ). However, it should be taken into account that sizes of C. braueri ranged 318 from 16 to 29 mm, and that our trawl probably biased the abundances towards large 319 specimens (see paragraph below). It is probably therefore that both gas-filled and resonance at 38 kHz (see Table 2 and Figure 6b ).
324
We are aware that our trawl data showed species more abundant than C. braueri 325 at the DSL2, such as the lanternfish Hygophum hygomii or the decapod Oplophorus
326
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spinosus (Figure 5d ). However, they are vertical migrants and behave as bad sound 327 reflectors due to the atrophy or the absence of the swimbladder ( (Figure 4 ). Here the captures were clearly dominated by Cyclothone microdon (Fig-349 ure 5f), a fish which could in principle be a likely target causing scattering if it were 350 not for the fact that this species does not conduct migrations (Goodyear et al., 1972;  A C C E P T E D M A N U S C R I P T 
365
Contracted swimbladders are a common feature in large myctophids, which is the 366 same as saying that the functionality of the swimbladder decreases with migration 367 depth (Marshall, 1960; Butler and Pearcy, 1972; Davison, 2011) . This is especially 368 true in our study area, where the smallest myctophid Lobianchia dofleini exhibits 369 the shallower migration depth while largest species such as Ceratoscopelus warmingii 370 or Notoscopelus resplendens reach bathypelagic waters (Badcock and Merrett, 1976) .
371
Since a "cottony tissue" (expanded fibrous submucosa) fills most of the lumen in 372 contracted swimbladders, the external size of the organ is probably not an accurate 373 indication of the gas volume contained (Capen, 1967; Kleckner and Gibbs, 1972) .
374
According to swimbladder catalogues, gas-bearing fishes occurred in our study only 375 above 600 m depth, while swimbladders regressions in both Cyclothone species and 376 myctophids are a common feature at deeper waters (see Table 2 ). In acoustic terms,
377
this means that the deep mesopelagic zone must be dominated by fluid-like targets,
378
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where resonance models are hardly applicable. It would also explain why the relative 379 high abundances from net sampling does not result in a higher backscattering at these 380 depths.
381
The DSL4 (800-1000 m depth) was out of reach of our trawl and this impeded 382 the assessment of the species producing reflection. Although the deeper migrations 383 observed in this study were somewhat associated with the DSL3 and DSL4, the later 384 was clearly visible both during day and night. This suggests that the DSL4 would faster not only because of their increased size, but also for not requiring gas volume 416 adjustments during vertical migrations (Marshall, 1960; Butler and Pearcy, 1972; 417 Kleckner and Gibbs, 1972).
418
In conclusion, this study has revealed a high diversity within the micronekton Ministry of Science and Innovation (BES2009-028908). Table 1 : Relative abundance (%) and biomass (%) of species found in the nocturnal shallow scattering layer. Values were averaged from hauls N100P, N105P and N150T (see Figure 3 ). Only organisms identified to the species level and with relative abundances above 0.5% are shown. Table 2 : Dominant species forming each scattering layer with indications of relative abundances within catches, lengths, and if present, the swimbladder condition according to the literature. "none" means that the organism has no swimbladder. ESR depicts the equivalent spherical radius of the swimbladder, as estimated from the modal standard length of fishes using species-specific equations given by Saenger (1989), or calculated from swimbladder spherical volumes given by Kleckner and Gibbs (1972) . Relative abundances are given as means while lengths refer to modal values. In both cases, minimum and maximum values are also noted between parentheses.
442
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Figure 7: Distribution of shallow and deep scattering layers (SSL and DSLs) based on observations at 18 and 38 kHz in waters around the Canary Islands (threshold -80 to -50 dB). Only dominant animals likely to contribute more to backscattering are indicated (main scatterers in black, and secondary ones in gray). Blue and orange depict 18 and 38 kHz frequencies respectively, with dark colors indicating high backscattering and light colors representing weak backscattering. See discussion for further details.
Acoustic scattering and associated deep-sea fauna investigated in the Canary Islands Four different scattering layers were observed from 400 to 1000 m depth Migrant and non-migrant layers were ascribed to different fish a decapod species.
Short (400 m) and long-range (700 m) migrations moved at 5 and 12 cm s -1
